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o --A mlcmscope t:ub_]ectwe compnsmg a ﬁrst second T
~ third, fourth and fifth lens components, in which the
first lens componcnt is a negative meniscus lens, the =~
second lens component is a positive meniscus lens, the
‘third and fourth lens components are pos:twe: cemented
- doublets and the fifth lens component is a negative -
- ff-cemented memscus doublet and for Wthh the numen- e
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MICROSCOPE OBJECI'IVE

BACKGROUND OF THE INVENTION
a. Fleld of the Inventlon

 b. Description of the Prior Art -

the numenoal aperture is small
'SUMMARY OF THE INVENTION

portion as well as in the middle portion.

4 184 747

The microscope objective according to the present ?

invention has lens configuration as shown in FIG. 1. It

comprises five lens components, i.e., the first, second,

third, fourth and fifth lens components from the object -
side in which the first lens component is a thick negative

25

- meniscus lens arranged concave toward the object side,

~ the second lens component is a positive meniscus lens
arranged concave toward the object side, the third lens

~ component is a cemented doublet having positive re-
- fractive power, the fourth: lens component is-also a.

the fifth lens component is a negative cemented menis-

~ cus doublet arranged concave toward the image side.
~ Besides, the ‘microscope objective according to the =~
| present invention satlsﬁes the followmg condmons -

o m=1 m-1 _ oy
175 = /2 = 195 S
| | r __ rn .. |
145 = mdy / f = 2.15 @
1.25 < — /-——’” =155 &

.  a7d +nd | .”EE4
__._130_,__‘ 71.1 312_:235 4
| —005 S ———[=0050 - ©so

0= v - 1-'3) + (ve - vs)] = 120 o

”'whereln reference symbol f represents the fooal length'_
- of the lens system as a whole, reference symbols riand
~ rarespectively represent radii of curvature of respective
- surfaces of the first lens component, reference symbol--:;_
- rs represents the radius of curvature of the surface on
- the object side of the third lens component, reference
~ symbols ryjand ri3respectively represent radii of curva-
- ture of the surface on the object side and surface on the -
- image side of the fifth lens component, reference Sym-
~bol dj represents the thickness of the first lens compo-

R sent thlcknesses of resPeotwe lenses consntutmg the_-;--,

30

~ and ng respectively. represent refractive indices of re-
- speetwe lenses oonstltutlng the ﬁfth lens component LT
| - reference symbols v3 and v4 respeotwely represent Ab- .
~ For most of known microscope objeotwes of thls.-_l_ﬂ'

- kind, the image is flat only at the middle portion and is
not satisfactorily flat toward the marginal portion. Be-
sides, for known mloroscope objectives of this kind for -

‘which the i image is flat for a comparatwely wide range .:-"1.:5.

“be’s numbers of respective lenses constituting the third =~
- lens component, and reference symbols vs and vere-
~ spectively Abbe’s numbers of respeotwe lenses oonstl-"--;. LT
“tuting the fourth lens component. | R
Out of the above conditions, the oondltlons (1) and (2)_ S
> are to define the refractive power and bending of the
first lens component, which is a negative miniscus single

| lens. In combination with the conditions (3) and (4) to -
It IS, therefore, a primary object of the present inven- -

~tion to provide a xmeroscope objectwe for which the
numerical aperture is large, i.e., N.A. =0.7, and for
which offaxial aberrations are corrected more favoura-
bly so that the image becomes flat toward the marglnal

be. explalned later, these conditions also serve to elimi- =~
 nate curvature of field by correcting Petzval’s sum of
:-.2_-0-'_-the lens system as a whole and, moreover to favourably' R
correct spherical aberration and coma of the lens system =~

- as a whole. If the value deﬁned by the condition- 10) e
becomes larger than the upper limit of the condition (1),

“curvature of field will be overcorrected and coma by =

spherical aberration of skew rays will be undercor-
~ rected. If the value defined by the condition (1) be- -
- comes smaller than the lower limit, curvature of field -
“will be undercorrected and coma will be overcorrected.
If the value deﬁned by the condition (2) becomes larger?f? - SR
" than the upper limit of the condition ), ourvature of
field will be undercorrected and coma by skew rays will
be overcorrected. If the value defined by the. condltion
(2) becomes smaller than the lower limit, curvature of

- cemented doublet having posnwe refractive power, andj_g

‘35 field will be overeorreoted and ooma by skew rays wrll ..

ER be undercorreeted

45

The conditions (3) and (4) are to deﬁne the refraotwe RN
'-power and bendmg of the fifth lens component, which
~ is a negative cemented meniscus doublet. In combina-
‘tion with the above-mentloned conditions (1) and 2),
“these conditions serve to eliminate curvature of field
‘and astlgmatlo difference by correcting Petzval’s sum.
~Besides, in combination with the condition (6), these S
- conditions also serve to eliminate coma. If the value =~
defined by the condition (3) becomes larger than the -
- upper limit of the eondltlon (3), curvature of field will T
., be overcorrected, the astigmatic difference will be also
- overcorrected and zonal aberration of spherical aberra- -
~ tion by skew rays will increase. If the value defined by
the condition (3) becomes smaller than the lower limit,
~ curvature of field and astigmatic difference will be un-
- dercorrected. If the value defined by the condition @
~ becomes larger than the upper limit of the condition @,
~curvature of field and astigmatic difference willbealso
-55'--5[-overoorrected and spherical aberration by skew rays e
- will increase. If the value defined by the condition (4)
"--beeomes smaller than the lower limit, ourvature of ﬁeld__ BRCTT
'- and astigmatic defference will be undercorrected. = R
~ The condition (5) is to define the bending of the thlrd_;
._:_;.;lens component, which is a positive cemented doublet.
‘This condition mainly serves to correct the astigmatic =~
- difference favourably and secondarily serves to elimi-
- nate asymmetrical coma. If the value defined by the -~
- condition (5) becomes larger than the upper limit of the
_;_;condxtlon (5) the astigmatic dlfferenoe will ‘be under-
~ corrected and it will become impossible to favourably:.f*-.}f';f-;'_ S
~ nent, reference symbols d;1 and di2 respectively repre-  correct the ! remaining astigmatic difference by the other =~
}factors Moreover asymrnetrloal mward ooma w1ll

if_ ﬁfth lens component reference symbol dm representsjj_;_
the azrspace between: the fourth and fifth lens compo-_;-_-?'--f-"{;'_-?_-""5'”
nents, reference symbol ny represents the refractive S
“index of the first lens- component, referenoe symbol ny
DS | L N .-_';-;represents the refractive index of the lens on the ob_]ect--
| ‘The present invention relates to a mleroseope objec- 'side in the third lens oomponent reference syrnbols ny
R twe and, more particularly, to a microscope objective
of achromat class for which ﬂatness of unage is hlgh



~ ward coma will increase.

The. condition (6) 1S to define the alrspace between{:”-
 the front lens group comprising the first, second, third
~and fourth lens components and rear lens group com-
- prising the fifth lens component. This. condltlon mainly

. serves to favourably correct. asymmetrreal coma by
- skew rays of the lens system as a whole. If the value !

~ defined by the condition (6) becomes larger than the -

 becomes smaller than the lower limit, outward coma
~ will tend to be caused. - | N

The condition (7) relates to the. achromatlc lenses in

4 184 747

' "'--"mcrease If the value defined by the condluen (5) be- S
~comes smaller than the lower limit, the astlgmatlc dif-
_ference will be overcorrected and asymmetncal out-f..-.:::-_.

10 f}_drfferenee, the condition (5) is more effective and more -~~~

- the front lens group and serves to favourably correct
| longltudmal chromatic aberration and lateral chromatic

defined by the condition (7) becomes larger than the

N aberration by marginal rays of short wavelengths wrll.f-‘_'

be evereorrected too much when lateral chromatic
2 5 -Embodrment 1 of the mrerescepe aecordlng te the pres-..:_ T

flare in the image. As a result, contrast of the 1 image wr]l,; - | _.

‘become unfavourable. If the value defined by the condi- =

~ aberration is satisfactorily corrected and will appear as

“tion (7) becomes smaller than the lower limit, undercor- ;.
rection of lateral chromatic aberration will become

' '_'_mtolerably large when Iongltudmal chromauc aberra- 30

tion is satisfactorily corrected. -

As explained so far, it is possrble to attam the object :
of the present invention by the microscope objective

having the afore-mentioned lens configuration and satis-

~ fying the above-mentioned respective conditions. But, it

- 1s more preferable to arrange so that the microscope =~
- objective according to the present- mventren furtherr"-
- satisfies the follewmg eondrtmns (8) and (9)

' 2__'.:51- (3)40

-045--*-—-:---}« | azs.':

"wherern reference symbols r4 represents the radrus of
- curvature of the surface on the image side of the second

- lens component, reference symbol rg represents the
- radius of curvature of the surface on the object side of
" the fourth lens component, reference symbol n; repre-.

._4:5. .

50

- sents the refractive index of the second lens component

‘and reference symbol ns represents the refractive index -
- of the lens on the object srde in the fourth lens compo- __ -":rl _ _o4s0
| 33

- define the refractive power of the second lens compo-

~ nent, which is a positive meniscus lens, and mainly

- serves to favourably correct spherical aberration and

. sine condition of the lens system as a whole. If the value

- defined by the condition (8) becomes larger than the

~upper limit of the condition (8), spherical aberration

 willbe overeorrected and zonal aberration of sine con- .

- dition will increase. If the value defined by the condi- = . m_: _2 0299

. tion (8) becomes smaller than the lower limit, spherical

- aberration will be undercorrected. If it is attempted to

. correct spherlcal aberration by the other factors, zonal -~

: _rg—l‘Jle
aberratron will increase. Besides, the balance between:

o : the sme eendltmn and sphencal aberratron wrll be drs-_.ff;_

nent.
o Out of the above condrtlons the eendrtron (8) 1s to

*frﬁ ._..1 9721

o =__f__o,s_s.ss_.. o
= -8.6070
rg=— t 2333‘-

.;frs = 70 2367

65 '_'f-rg = —35 0345

""i_"'rlg = »—-—2 5?74 .

BRIEF DESCRIPT ION OF THE DR_AWINGS

" FIG. 1 shows a sectional view of the rmerr::ssr:.;)pe
'ebjeetwe according to the present invention; .

> coma will increase. If the value defined by the cendrtren[;fﬁi I
~(9) becomes smaller than the lower limit, the astrgmatlc._- LT T
difference will be overcerrected and asymmetneal out
- ward coma will increase. A '
aberration of the lens system as a- whele If the value :20'":
- upper limit of the condition (7), longitudinal chromatic

- ;turbed and asymmetncal aberratloa by skew rays wrllg;_;_'_;;:_f.:'f_:-:{__é'.:_;_
- ‘becaused. B E LS
- The condltlon (9) is to deﬁne the bendmg ef theﬁ* B R NP
- fourth lens component. This condition mainly servesto
~correct the astigmatic difference of the lens system like =~
the aforementioned condition (5). As for correction of e A
~ the astigmatic difference, the condition (5) is the pri-
~mary condition and the condition (9) is the secondary
~condition. Therefore, for: correction of the astlgmaticf_
: . -'substantial compared with the condition 9). If the valueff:j--_z_’;f_'-';jf'fj: B
- upper limit of the condition (6), inward coma will tend '.-'f?-deﬁned by the condition (9) becomes larger thanthe =
‘to be caused. If the value defined by the condition ©6) upper limit of the eondrtmn 9), the astigmatic differ- R
~ence will be undercorrected and asymmetrical inward

- FIG. 2 shows graphs 1llustratmg aberratron eurves of'_ e

ent 1nvent10n

- FIG. 3 shows graphs rllustratmg aberratron curves of B TS
L Ernbodlment 2 R
- FIG.4 shows graphs rllustratrng aberratron curves ef o e
:Embodrment 3; . DR T

"FIG. 5 shews graphs 1llustratmg aberratren eurves of TR
Embodiment 4; T T
~ FIG. 6 shows graphs 111ustrat1ng aberratron curves ef L
".Embodlment 5; S CLn T e T T
FIG. 7 shows graphs ﬂlustratlng abcrratron curves of' B R
--____'-‘_:.Embodlment 6; e Ll DT e e
~ FIG. 8 shows graphs 1llustratmg aberranon eurves ef me L nlt
5*"'.}-Embod1ment 7 o ST LT

e e FIG 9 shews graphs 1llustrat1ng aberratron curves ef ST

U _FIG. 10 shows graphs rllustratlng aberratren curves
B R A T TR ef Embodrrnent9 | - AR

s -1 o )

DETAILED DESCRIPTION OF THE
PREFERRED EMB.DIMENTS

Preferred embedzments of the. mreresmpe ob_]eetwe

e ﬂCCOl’dmg to the present: mVentlon explalned m the
- above are as shown below. - o

Embodrment 1

o NA <07
WD = 0.1374 '

- Petzval‘s sum_ = ,-—-—0 090
" dl_:'t=_.0_.-8512-_:.____.._.' 1' j- 18044 -
d:ﬂw e et
:.-ds =. 02101}:_: a; = 1 57501 .
.__._.dﬁ _ {)9118_;:’-' i.-.;n4 . 1 4925

- d_-;.__. 00537‘-*';-_-__.;' ._

dg=02182  ns -1@‘30?24 1

- -'ds = o0. 3296 nﬁ

_B = -_—4{]}(

:v4 o 31 9 T L

v =396
w=gle
-va = 41 5 BEREEN

vs = 31 6?57 L



1 '="1.3_502

ry) = 5. 3365 | |
- o d;z = 0 1301 B
T3 = 1_.!315' | -

r[ = ---0 6174

1 = —1.0923- R L
o - o fdz = 0.0253 -
ry = ---7_.9.3‘_97 |

rq = —1.5078
ol = 00263- |
5 = 225 0033 |

'_ds = 0.23.69- 8

g = 214!3

= —2195 R
rg = 11.9166 - -
| rglﬁ.- 24781
.r.m = —35.4291
'r|1_'= 2.2353

I3 = --4 6592

T3 = 1 3126

-contlnued

o dig = -33350 -

| dn == 03023

“ﬁ -*..--1_:614_“ "

418747

' ': Embodiment 2 -

f=10
wn_onn_ --

dy = 1.1213

:da = 040252.-

dg = 0.8817

dg = 02415 ng =

' dg = 06823

dw 4 2798

Cdpp = 10278

di2 = 0*.2..436.

- N;A.:;= 0.7

Petzval's sum = - 00‘?0 -

0y = 1.8040
| nz = 1.4925

n3 = 1.57501

ne = 1.43389

1.8074

g = 1.4928

ng= 172

. ng = 1.61484

- Embodiment 3

=10
Ww.D —-01737

ri = —0. 6!33

ry = —1.1090_ 2 o
a2 -----0.0052;

£y = —10.8395

15 = —16.4591

.I'ﬁ = 1.9565

. f‘; = —23135

ro = 2.3097

rio = —4.1418

r #_'2.21152

13 = 1.2984

ra = —1.5183

d1--11255 B

dy = 03882

dg = 00015

ds. = 0.2111

dg =_:_0.3;.9(52'  .
. . dr = 0..0336_- .
rg = 18,3411 - -.

dg = 0.7370

o Embodlment4

f=10

= -0, 6123

wufoun”

Cdy= L1216

"NA. =07

Vl = 466"

:-v4 o 95 2

vs =354

ve = 81.9

S C dy = 1.0591
Crp=—4317
| o _dllz";:'ﬂ.2553 |

- Petzval’s sum = —0.079

= 1.8040
np = 14925

 n3 = 157501

ng = 1.4925

= 1.80741
ng = 14925

m' = 172

ng = 1.62041

NA =07
Petzval's sum

13040

vy = 4.6
Cvp=819

v3 = 416

v = 819

_: '1»_'5 = 3'1-.6.-.
| vﬁ = 819 |
| . U‘,‘;_Iﬁ 48 6

vy =466

20
..__-u3 — 31 3 o .

40
19 = 23318

o rz = ~35.1345 L
Cory= 12191

50

T '.ﬂ'-—lﬂ 5416

—1 1&)4

_ -1'-'_1,“-'_-.'—; 1 1.9_453_;

= —15303

=196
10 __

- r9'f"—f'-'-2.371 97 s
o no _="-'—4-0719

o '_'m;.—_... 2 1927,

:r|3 s l 2903

ry = -10392'

ry = —#--12.5765

- T4 __---1 5447

= 1._9__544

8 = 206541 )

—14. 7577

-
Ty .

-
H

-contmued

: -d3"= -0.3334

-ds = 02036'-

Crp= —23008 R
18 =-18.3419 - -~
R o dg.i:-:o.mz

dy=0. 0

d';g__-;f; 4. 4223

di_;;f = 1 0526

| du = 02520 -

| f—'lﬁ
o WD—D]EO]

.= ——0 6121 -
d[ = l 1176

= 00243_ >

43 = 03733'}-'

d4-~*- 00243'

ds = 0.1969 o

. dg=038805
7= —2325% - - -
o : d7 == 0.;0335_1 .

dg=02252  ns

rip=-—40870 -
- dio= 44418

2.1639

o dip = 1.0616

o f=10
WD.--..OlﬁOS

'--3_rzliﬁ<—--0-.;9372'-

I '.dg.:-0.02_39' |

rp= —67428 . =
o d3=04179

4= —1357¢ .

rs = 134725 -
- re= 18018 ' C

5= 215

d1 = 09393

de=00239

o oo de =0.8602
17 = ~2.3788 D

S o dy = 00349

=263

g = 0.6867

-dz = 00053'52 AR

e --_c_u.... oonm -
s = —13.5820 e

3 = 157501

l‘l4‘** 1 4925

ong= 1 30741

:_ig-#] 1 4925

ng = 162041

 :NA@GT'
: Patzval‘s sum

nl - 18(}4{)

ny = 14925

= 1'_. 5?50 1_

B4 "" f1-4925- | |

=12

- ng = ;.:1.520?451_- :

Emboduncnté

: NA“*O?

n; ;'-1'?3_061": .
) = ..1_.492"5' -

n = 1.58406

1 30741;:

| ..nﬁ - 14925

= 1.80741

_.v4 = 81 9 | '_:

-_.'v3 = 41, 5

"5'--—--.-31‘.6: L

. vg=603

B —y
Pctzval’s sum = --—0 078

| :._._v.l___.___._ | 40'9 e

vy =819 . EREEEN

B = —40):
'--_0 079 .

va-= 8L



- -continued

'- .. o= —3.5266
- __ | d;n == 40201
l 9104

" p—
f-wrwreny

Bt

rp = =52119 ¢

| d“ . 0.'_?503 '

Cm=1712

dpp=0.1912

ng = 1.6223

=41

vg=532

T3 = 12313

. EmbOdiment‘; ;  3

- f-—lﬂ
WD-&“01594
'—050(30 |

'—-.0._90_3'1
~7.1807
. —12718

15.0770 L
- ds =0.3704
1.6894 S
- | df, = 0:.3'565
=2.3253

. 194.4296

| _r9.='2;1650”"
Tg = '.—33632
1.8164

L
.*

I

113 = 1.204§

d3=04323

dg = 00237

--.-d-;.... 0.0346 -
:. .3_-02061"

= 0. 6322

o o di = 06746
m="-4498 -
o - di2 = 01201

o dy = 03396 _ nf

= -0.0237 R

- n3 = 1.58406

_d.lo -=_3.-9253 o

| ng = 1.6223 v

N.A =07
Petzval‘s sum = —0 074

Ay
A—

1.4925

ng= 14925

ns = 1.80741

| ﬁ_..ﬁ?=5_1{72f )

18061 wy

B __.._4ox

': 'lr_'_z.='-'-:8.l._9 o

Ve = 819

=89

. Embodiment8

=10
. W.D. —-—01604
—05413

oy =10112

= —0.9964
1 = —78330 "
r; =" ~1.3700

e

6= 17424

}7:_":'__.2.4077__ |
"5? o
ro = 2.1129
 ro = 35089
et .4..7-.. l?;8949._ |
S ___dn "‘"06343
ry = —5.0874

ri3 = 1.2292

-~ .dp 2:' 0.3023"3_
 ds -—-_-q.z_rso ;
dg = 09142

 dg = 02240

o du'-* 02144

| d3 =03722  m
_d4 00233_?-7“

: “3£ 1._53406:

N.A. =07

1.306_1

1.4925

ng = 14925

PPV
-dl'n;'z-gz'ﬂ:f B

d7=00348

ng = 14925

ﬁ--—40X.40

B | Petzval's sum = —0 orr

v = 409 _

w=370
Cws=316
Uﬁ= 819 - 55
o _.1,7".:':'42,1__::',

: t-'g = -53.2

45

o -Em_bOd'iment 9 g

| f=10
| W.D. = 0.1608
rp= 05420 -

N A = 0. 7
Petzval’s sum = —{). 078

B = 40X

I =

ra = 288, 1435

o 15 g = 2 1463

':'....'r“ = l 9156

v3=370. . T

— 35

-eontlnued

S '3d1 = 09919_:'--. 18061 - .v;"—-—--'-?2'5.8'__"'
Lo dz”= 00239.' -
- —6.6031 e
'_d3 = 04225' o onp = 14925 -
"—13593:"-_ ST
. d4 = 00024;__
“124ﬂusé' S
I ds = 03109_
re =1 7939 R .
Y P =_o.;3_ﬁ57_ -
—2.3880 - .

l 534{}6

l 4925

-'-H

= d3=02459 ~ ng= 130741

:: d11m07460 n-;r == 1 ‘72 o | '_ y?=430 :
i - dyz2 = 0.1869 _-:.-_.ns = 16223

7 In the above embodlments, reference symbol f repre-
R .'2'5';?-_..sents the focal length of the lens system as a whole,
- reference symbols r; through i3 respectwely represent
radii of curvature of respective lens surfaces, reference =~
v:“__*_'symbols di through dia respectwely represent thlek- D

- nesses of respectlve lenses and airspaces between re- o
_ spective lenses, reference symbols nj through ngrespec- -~~~
. tively represent refractive indices of respective lenses,

vy =421

1 claim: -

1A mlcrescepe ob_]ectwe compnsmg a first second IR
- third, fourth and fifth lens components said first lens e
_component being a thick negative meniscus lens ar-

- ranged concave toward the object srde, said second lens -

" -'cemponent belng a positive meniscus lens arranged
concave toward the object side, said third lens compo-

. nent being a pos:twe cemented doublet, said fourthlens:

- component being a positive cemented doublet, said fifth

- . lens component bemg negative eemented meniscus dou- R

~ blet arranged concave toward the image side, said mi- -
croscepe objectwe satlsfymg the followmg condltlons. L

n _; -1
-t om=1 195

1A

'175"‘:

o '_145 n1d1 /f': 215
_7—1

3 — l
s e

125{

1A

R mdn + nadlz

1 30 = =235 e

"'90*= [(v4— v + (vﬁ—-vs)] 120

wherern reference symbol f represents the focal length“:.:_’_ S

65 of the lens system as a whole, . reference symbols rrand - -

= rarespectively represent radii of curvature of respective

- surfaces of the first lens component, reference symbol =
15 represents the radius of curvature of the surface on.

v3 K 39 6_

vs=500

~ . and reference symbols v through vg l'esl}ectwely repr e

oo L sent Abbe’s numbers of respectwe lenses
g =329 | §
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the object side of the thtrd lens component reference
symbols rijand ry3 respectively represent radii of curva- -

- ture of the surface on the object side and surface on the
image side of the fifth lens component, reference sym-
bol d; represents the thickness of the first lens. compo- 5
nent, reference symbols di;and dj2 respectwely repre-

through r1 ] respectwely represent radu of curvature of
-respective lens: surfaces, reference symbol d through

- dig respectwely represent thicknesses of respective
lenses and airspaces between respective lenses, refer-
ence symbols nj through ng respectively represent re- o
fractive indices of respective lenses, and reference sym- -

sent thicknesses of respective lenses constituting the -

~_ fifth lens component, reference symbol d g represents -
- the airspace between the fourth and fifth lens compo-

nents, reference symbol n represents the. refractive

index of the first lens component, reference symbol n3

- represents the refractive index of the lens on the object

- side in the third lens component, reference symbols n;
and ng respectively represent refractive indices of re-
spective lenses constituting the fifth lens component,

15

E3)

- reference symbols v3 and v4 respectively represent Ab-

be’s numbers of respective lenses constituting the thlrdf_ o
lens component, and reference symbols vs and vgre-

- spectively represent Abbe’s numbers of respectwe.*s "

2. A microscope objective according to- clarm 1 fnr- .

- lenses constituting the fourth lens component.

ther satlsfylng the follewmg cendltlons

| """"“"—f

= -025
4 L

- -om = 5 f“'-'OO‘?S

- ofthelens system as a whole, reference symbol r4 repre-
 sents the radius of curvature of the surface on the image =2 2353
- side of the second lens component, reference symbel rg.
~ represents the radius of curvature ef the surface on the
~ object side of the fourth lens. component, reference 35
- symbol n; represents the refractive index of the second ™
- lens component, and reference symbel ns represents the -
- - refractive index: of the lens on the object stde m the"'--
~ fourth lens component. | S
A microscope ebjectwe eccerdmg te clalm 1 1n
. _'whlch said mrcrose:Jpe eb_]ectwe has the fellowmg nu-ﬁ o

‘mencal data.

NA _07 B:*-mx
Petzvels sum = —-0090

f=10 - -
. W.D=01374
- dy = 0.8512

- 1 = —0.8883 | |

.- Vl = 396
R - da = 0.0252

o r3= —86970 - R |

S d3=103976  np = 14925  v3;=2819 -
- dg = 0.0345

rs = 70.2367

= 19721 o
o - dg = 09118
rp=—2029

ng = 14925
d7 = 0.0537

rg = —350845 - | s
.' - dg = 02182 ns = 1.80741
9 = 1.9211 . . - |
. -~ do = 0.8296
-2.5714%

. ne #__.1’4925.
djo=3.3850

fio = N |

o | .-'dtt = 0.8023 = 1.72000 vy = "42..'_1 _.j
o - d12=0.1801"  ng = 1.61484

ri3 = 1.1815

whereln reference symbol f represents the focal length

of the lens system as a whole, reference symbols Y

vg=512 )
" 65

s = 225 0033_1_

45"

351
.n
vs =316

~org= —15183

: .:'rs ='1-9.565?':

™ 1‘4 = _1 5073

5 (3) : .."6 = 2 1413

o (9) 'r.s.-=. 11:9166-"
o L TR o - g—- 24731
whereln reference symbol f represents the focal length_ 10

| _;rm = -=-5 4291'_- o

j :r;g —---—4 6592’:;7

g = 23007

‘bols vi through vg respectively represent Abbe’s num—._:‘ T
~ bers of respective lenses.

4. A microscope objective. aecordrng to claim 1, in
~ which said mlerescepe eb_]ectwe has the follewmg nu-_*]'_.“g._ L
'-?merrcal data - - Lo

f=10"
WD_OHH
_—-06174

: "N’A =07 B8 ___._4ex
Petzval S su:m --.: ---{J 0?0

R dy= 1-.-12?3' Comy =13040
RS :__dz'-:—__—-"oozss S
r3 = —7.9397 . o L
o *-t-d; _.04025:;]1‘ ng = 14925
d4 = eozss |

e r_._l_r,__;_ 02369 -i"ns =1 57501.
—2 1959;, '1- e
'd': —-00373’? e

| -f_Ida = 02415; ' ns = 1 3074 ':
;"-:""'ﬁ-dg _ 0 6823:'::.;:-5_. __n6 i 1 4925
o ;dm = 42793 PR |
---f.d“ = 1078 1-,:;:

| '-ﬁclu = 02436 ng = 161484:_;

';of the lens system as a whele reference symbels r1
_{through I3 respectwely represent radii of. curvature of I
~ respective lens surfaces, reference symbol d;- threugh:'f{: .;:;é-'f {;_._f; | *_
o dip respeetlvely represent thicknesses of respective -
- =-_'1enses and airspaces between respective lenses, refer- =

- ence symbols. ny through ng: respectwely represent re- o
fractive indices of respective lenses, and reference sym--
. bols vy threugh Vg respectwely represent Abbe’s num-- I
 bers of respective lenses. o
5 A microscope ebjectwe accordmg to clarm 1,in
~ which said mlerosc:Ope objectwe has the followrng au-

'merlcal data: --

"N.A. = 0. '7 ,B = —40)(
Petzval‘s sum —-_ —=0. 079

=10
WD-OI?BT |
—06133 |
| '-U1_= 466

dy = 11255 ~ Laod0

-

“.._'1.',1090-_ | .
o dy = 00057
= —10.8395 -

j. . d3=0.3882 - - my = 1.4925
. | | o dSl'.‘.‘—-—"":'..[}.:ZI'.ll' M

3= 157501 v3=416

---dﬁ._—-_:.'(}.8902, - ong = 14925 vy =819 =
r7=-~—23135 S o
| _d7 = 00336_'
rg = 18.3411 -
'_dg == 02345"-

ns = 1.80741  vs =316

=gy

va=952



=

o=
o rg=1

o _'_I'9=23197 '-

o l;ll:

. : 11 RO

- -continued -

rig = —~4.1418 | |

| - o d;u := -.4.4450
r1'1 = 2.2152 | o . - I
' dn = 10591 ny = 1.72 vy = 48.6

| | dlz = 0.2553 -

| '_'r]_-", =.l.2984._

| _whereln reference symbol f represents the focal length
of .the lens system as a whole, reference symbols ry
through ry3 respectively represent radii of curvature of

e r7 = .-—-2 3255

rg = 20 6541

10

- r9=23318

- respective lens surfaces, reference symbol d; through .

6. A mlcrosccpe nbjectwe acccrdmg tc clarm 1 m_

| “mertcal data

'”‘NA‘ =07  B0=—40X
Petzval’s sum -=_ 0. UBU

=10
WD—ON%
~0.6123

| fl_.';—"

| = 1;,1'2,16' o =18040 vy = _46;_6: o
| L "'dZ

=0.0053

3= —119453
gy Oy D534

" '_:nz.:-r” 1.4925
dg=00007

N Cup=819
rs = —13.5820 - Tl
o ds= 02086 3= 157501
16 = 19633 oL T

R _d6—03366- o ng= 14925 = vy =819
- c f'_-_ -d7 = 00383 o
: ds == 02302'-_" ~i_tl5_;_1.3074'l vs = 31.6 -

'dg = 0. 7330_'_;

o 116 = 14925

- ve=1819 -
'..du] == 44223
2 1927

| o | d_lj"-= 1 0526 :'j'- ny= 172
o= -4 5524 | wCLE
S . 'd:[p__ 0.2520 - ng = 1.62041.° VS == 603 |

ﬁ"-whereln reference symbol f represents the focal length

- of the lens system as a whole, reference symbols ri
- through 13 respectwely represent radii of curvature of

respective lens surfaces, reference symbol di through

diz respecttvely represent thlcknesses of respective
. lenses and airspaces between respectwe lenses, refer-
- ence symbols nj through ng respectively represent re-

:. 55.:-
bols v through vy respectwely represent Abbe’s num-!.

fractive indices of respective lenses, and reference Sym-

~ bers of respectwe lenses.

1. A mlcroscepe objectwe acccrdmg tc clatm 1 in--
: 'whlch said rmcrcsmpe ob_tectwe has the fcllowrng nu- 2

N mencal data

=10 NA =07 —40X

25

 which said mtcroscope ebjectwe has the followmg nu—-;;_j-._-*_;-'"'

'.:f_v? i 43 6]' o

50

T = 19544

o dp respectlvely represent thicknesses of respective

| -m = 21639 |
lenses and airspaces between respective: lenses, refer-

15
~ ence symbols n; through ng respectively represent re-
B f‘ractwe indices of respective. lenses, and reference sym—f"-_'. |

~ bols vythrough v respectwely represent Abb’s numbers' S
. of respectwe lenses. S

__'-rgz = -—-—-5 1345

'r13 = 1 2791 |

k)

3=

| 'ifﬁ_.. ==

T2 =

3=

 ds=01969  n3=157501  vy=4L5

s = 08805  ng= 14925  wvg=819

4 ._2. 00335 S

' ag = 0. 7320. | ne=14925 v =8L9

.dm = 44-413
'-d“ 10616 n7 = 172 -_ -p-, ;:43.36.._[:'_"5_.}

".”3

d[z = 0 2571

. :.__ng = 162041

:wherem reference symbol f represents the fccal length
3 ;_of the lens system as a whele, reference syrnbols -
'-.-__through r13 respectively represent radii of curvature ef o

~ - respective lens surfaces, reference symbol d; through'i-*_-_:_]3_;__3'-"_'[_

“dig reSpectwely represent - thicknesses of respective =
_-_:_,lenses and atrspaces between respectwe lenses, refer-.ﬁf_i'__'-?-f_j_.;-'j- T
- ence symbols nj through ng respectively represent re- -~

- fractive indices of respective lenses, and reference sym-

~ bols vy through vg respectwely represent Abbe’s num-‘".'{_-;_

_ bers of respective lenses. o
8. A mlcrcsccpe c-b_]ectwe accordmg tc claun 1 in OSSR
 which said mlcrosccpe cbjectwe has the fcllowmg nuu"-f o
el D merlcal data S e T RN

l-’3 = 4'_1..-5- - .

35

=10 |
’WD-— 01603
-—05416 o

NA—-D? -;3'___..--;-._40}: -
Petzval‘s sum = —0 078

d] 0 9893 g h.ﬂil _=_;-'I.3(}6_1:. -_ .5._: : '.'--Vl
_7-0.-9.372_. N
—6.7428
o --d3 = 04179 .
= —1.3574. . I AU

o d4 == 00239;.-_----:_._’" o
' 113-47'25 o
| | -d5__= -0-3042 S

- ﬂ3 d l 5340’6 V3=37{} BERE
| dﬁ o~ 0 36{}2; . m — 1 4925 V4 -""—"‘*'Bl'.g- e
—23733'_ . B - o
: .'d-,r—-00349; -
r‘g _=-2?6.‘353.3_-- S
© dg=02418  ns=180741 ws=316
9'-'=.'.2.'1579 S U S S
- dg=06867 = ng= 14925
.:"'"‘f'3-_{'526-6' L S
_dlg_—.uwzor g
:';*:5 '2779" | e
'du = O 1912 . ng = 1.6223

12313

i'_wherem reference symb-ol f represents the focal length
‘of the lens system as a whole, reference symbols ry
- -_thrcugh I3 respectively represent radii of curvature of

- _respective lens surfaces, reference symbol di thrsugh

vy=421

R wn_...msm | ,Petzvars'-sumf-_-,—: -0.079 -
rp = -o6121 - - |
o d1=_-1.1176_

o 'rt1'='-'1.3_0-.40. v = 46.6
rz-—"- —10392 SR e

i
o . d2--—00243 o |
= -~12 5765 o T R
o d3 = 03733._ omy=14925 wy=819 bers of respectwe lenses.-

ody respectwely represent thicknesses . of respective . - .
“lenses and airspaces between respective lenses, refer-

‘ence symbols ny through ng respectwely represent re-
- fractive indices of respective lenses, and reference sym-
_ : bOlS T L through VB I'ESpCCthEIY represent Abbe’s num-_é_- :



rg =

- Io

- m

o=
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9, A mlcrcscOpe cbjectwe acccrdlng to claun 1,in

' which said mrcresccpe ebjectwe has the follcwmg nu-

merical data

- . f=10
WD --01594
_-—DS{IIJ

NA. =07 B=-40X
Petzval’s sum = —0 074 |
r =

dl = 0.8896 - .'nl' = 1.3061_ '. -ul = 4(}_‘9

. dy = 00237
3= —7.1807 '

14 = —1.2718 S
0 dg=00237
rs = 15.0770 T

1._-5894_ o o T S

=235
| © d7 = 0.0346

rg = 194.4296

o dg = 02061  ns = 1.80741  vs = 316
_1'9--21650 o ) | - L
dg = 0.6322  ng ='14925 = vg = 819

-»33632 o
dig = 3.9253

|

1.8164

di1=06746 n7=172 vy =421

—4.4908 .
| - dip = 01201
riy = 1.2045 -

r2

ng = 16223 o vg'= 3529

| wherern reference symbol f represents the focal length
of the lens system as a whole, reference symbols rj

through ry3 respectively represent radii of curvature of
respective lens surfaces, reference symbol dy thrcugh

_ _.:.rg = 2. 1129
.I ro =
| ll'l:l
112

 1'13---—-____
: _'10-'. -

o -"-C'Ontinued o

.de - 07117 ng = 14925  vg=2819
_3.5089 e

o '.d_m: 3.92_1! ._

~ 1899

 di1=06848  ny =172

= —5.0874 - I

" - diz 02144

12202 T

e whereln reference symbol f represents the fecal length
o {cf the lens system as a whole, - reference symbols Ty
~ through r13 respectively represent radii of curvature cf

respective lens surfaces, reference symbol d;- through
diz2 respectwely represent thicknesses of respective
- lenses and airspaces between re3pectwe ‘lenses, refer-
ence symbols nj through ng respectively represent re-

| -fractwe indices of respective lenses, and reference sym-- -

. bols vy through vg respectively represent Abbe’s nnm-* -
‘bers of respective lenses. o
11 A mlcrcsccpe objectwe accordlng to clann l in-
~which said microscope cbjectlve has the following- nu—“ o

merlcal data

- I

| ra

30

| I}y =

dy; respectively respresent thicknesses of respective

lenses and airspaces between respective lenses, refer-
‘ence symbols n; through ng respectively represent re-
fractive indices of respective lenses, and reference sym-
- bols vy through vg respectwely represent Abbe s num—..; |
- bers of respectwe lenses. | -

10. A rnlcroscope objectwe acccrdmg tc clarm 1 in

o mencal data

f=10 .

W.D. = 0.1604
o, 5413 L
_'dl..... 10112-_- 0

 NA =07 = —40X
| Petzval"s sutn--- wD 077

| -.=_--1.306.1__ v

g _-0;9964'_---_
B 0;02_332*_'--

- —7.8380 .
o d3= 03722

o ny = 1.4925
g =-13700 . -
7 dg=100238

rs = 11.8263 L - |

| ds=02750 = :l-;'53405" v3=370

| fﬁ = 1.7424 S
| - dg=09142
~2.4077 '

ng = 14925
~d7 = 0.0348

- fg= T

~dg = 02240 ©  ns = 1.80741  vs = 31.6 .

35 -

T =

45 :r;z'ﬁ';—-‘-S.l'Bﬂ

s

=
o rg = .1238' ’1435_.' -
4.0__ -

~which said microscope Obje'l?tl“"e has the follewmg nu- - 35233
RS _..__;rm"—"—

- Petzval’s sum = —0.078

f=10
W.D. -01608
-05420

_'_II

| dy = 0.9919 np = 1.8061 vi = 25.8
~ 0986 . B
o dg = 00239
C o dy = 04225 ny = 14925

g =—135%3 A

rs = 12.4704

- 17989

0 de=10865T  ng= 14925
oGm0

"dg = 02459- ' ns = 180741
rg = 21463 RN LI
"-dg = 06913-

- _-d]g == 40225 |

07

n.s-

";dlz 0 1869 - 16223

e --wherem reference symbol f represents the fccel lengthfr?}
50

o '.'*si o i of the lens system as a whole, reference symbols 1y

s ,thrcugh ri3 respectwely represent radii of curvature of = .
~ respective lens surfaces, reference symbol d; through -

- dip respectwely represent. thlcknesses of re5pect1ve
lenses and airspaces between respective lenses; refer-
ence symbols n; through ng respectively represent re- -~~~
fractive indices of respective lenses, and reference sym-
bols vy through vg respectwe}y represent Abbe s num-ff.‘ ;

bers cf respectwe lenses. .
_ | E S t'_'_t_-.t_ N

a2l
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